A 23-year-old worker in a formulating plant developed epileptiform convulsions after a short period of heavy exposure to the chlorinated hydrocarbon insecticide aldrin. He was found to have a high concentration in body fat ofhexachloro-epoxy-octahydro-dimethanonaphthalene (H.E.O.D.), the principal metabolite of aldrin, and transient electroencephalographic abnormalities. Nine exposed workers from the same factory were examined, and two of these had symptoms suggestive of aldrin poisoning. Case Report Subject 1.-A previously fit 23-year-old man experienced, whilst at work, two convulsive attacks with loss of consciousness, the attacks being separated by a two-day interval. On each occasion a work-mate noticed that the patient's limbs were twitching and that he bit his tongue. After the second attack he felt nauseated and vomited. 46
D.D.T., benzene hexachloride, and toxaphene, are members of the chlorinated hydrocarbon group of insecticides. Aldrin is the common name of a product containing not less than 95% of the endoexo isomer of 1:2: 3:4: 1O0:10-hexachloro-1 :4: 4a:5: 8: 8a-hexahydro-1:4:5: 8-dimethanonaphthalene. It is a light brown flaky solid which is soluble in fat and most organic solvents but almost insoluble in water. Absorption into the body can occur through the intact skin, by inhalation, or by ingestion.
Once absorbed, aldrin appears to be rapidly metabolized by epoxidation to the endo-exo isomer of hexachloro-epoxy-octahydro-dimethanonaphthalene (H.E.O.D.) and in this form to be deposited mainly in body fat (Winteringham and Barnes, 1955; Bann, DeCino, Earle, and Sun, 1956 ). The insecticide dieldrin contains not less than 85 % of the compound H.E.O.D., so that it has often been said that aldrin is metabolized in the body to dieldrin. H.E.O.D. can be readily estimated in body fat, but, in addition, very small quantities have been found in the unsaponifiable fraction of whole blood by the highly sensitive technique of gas-liquid chromatography using an electron capture detector . This method was used for the H.E.O.D. determinations performed in the present investigation. Poisoning in man is principally manifested by excitation of the central nervous system, producing epileptiform convulsions in the more severe cases. The first reported case of industrial aldrin poisoning in Britain is presented here, together with the results of the examination of nine other workers engaged on the formulation of aldrin, two of whom had abnormalities suggestive of aldrin intoxication.
He had not felt unwell and had no aura or other warning before he fell unconscious. There was no past or family history of epilepsy and no history of head injury or previous illness. On examination the tendon reflexes were found to be very brisk, but no other abnormality was elicited.
Occupationial History.-He had been working with aldrin for little more than a week before his first covulsion. His job was to mix aldrin with fullers' earth, an inert filler, to make the final formulation. In order to do this, he had to transport, on a trolley, paper bags containing 56 lb. of an equal mixture of aldrin and fullers' earth, open the bags and then empty them by hand into a mechanical mixer together with more fullers' earth. He had to lean over into the exhaust hood of the mixer to do this. The firm were engaged at the time on a large export order, so that he worked a 12-hour shift every day until his first fit, handling in this way up to 12 tons of the equal mixture of aldrin and fullers' earth a day. He wore overalls for the job and a cotton wool pad as a mask, which he changed for every mix, but there was much dust on his skin and in his hair at the end of the day.
Investigations.-A radiograph of the chest and examination of the blood and urine showed no abnormality. A fat biopsy performed 15 days after his last exposure contained 60 parts per million (p.p.m.; or 6 mg. per 100 g.) of H.E.O.D.; aldrin itself is not normally detectable in the body. In the first electroencephalogram (E.E.G.) performed one month after his last exposure to aldrin (Figure) the alpha rhythm was irregular at 10 cycles per second (c/s), voltage was low and distribution symmetrical, and there was a blocking response to visual attention. Fairly frequent complexes containing sharp and slow components, often irregular, were seen interrupting alpha activity, predominantly on the right and mainly in the temporo-occipital regions, where they often showed phase reversal. Overbreathing produced an increase of abnormality; photic stimulation evoked a following response but no other change. 2t/-*-t6
Progress.-The patient had no complaints and suffered no further convulsions. He changed his job and was not exposed again to aldrin after his second fit. Subsequent examinations showed no abnormal physical signs. Further fat biopsies were not performed, but the blood H.E.O.D. level was estimated four months after the last exposure and found to be 0-1 p.p.m. This level had fallen to 0-05 p.p.m. five months later. Four further E.E.G.'s showed a gradual return to a normal regular alpha rhythm without interruption by discharges. In the records taken two to three months after exposure, some alpha irregularity and localized discharges persisted, and two types of more generalized discharge had appeared, mainly with drowsiness. These were (1) generalized bilaterally synchronous rhythmic theta discharges at 6 c/s, the waves usually preceded by spikes to form complexes, and (2) frequent spontaneous K complexes which were often prolonged into more localized complexes or, the right side. Four months after exposure all abnormalities had decreased, and 10 months after exposure the record both in the wakeful and drowsy state was normal.
Clinical Survey
The process involving exposure to aldrin was as follows. The aldrin concentrate was removed from tins, where it was present as a sticky, flaky mass, and ground in a mortar mill with fullers' earth to make a mixture of approximately equal parts. This rough mixture was then fed through a hopper into a micronizer, a machine for making a homogeneous mixture of small particle size by means of jets of compressed air. From the micronizer, the mixture was passed once more through a hopper, to fill 56-lb. bags. This mixture of equal parts was then further mixed with various inert fillers, such as china or local clay or fullers' earth, to make the final products containing from 1 % to 20% aldrin. The micronizer was enclosed, but exposure to the After the discovery of the worker described, nine of the patient's fellow workers were examined clinically, E.E.G.s were recorded, and blood samples were taken for the estimation of H.E.O.D. content; those who showed an abnormality were seen on a second occasion three months later. Three of these nine men (see Table) had handled the almost pure aldrin concentrate and had worked with the micronizer. Another three men (see Table) were engaged in weighing the 50% aldrin and mixing it with the inert fillers in a mechanical mixer to make the final formulations. Subject 1, the presenting patient, also belonged to this group; subject 8 (his brother) was engaged in bagging the final product and loading the bags onto lorries. The remaining two men worked in an analytical laboratory and were only exposed to aldrin in the process of making production control tests on the final products. Subject 3 aged 28 had been employed by the firm for five months, during which time he had been working on the micronizer with subject 2. For three months he had worked on the export order the same long hours as subject 2. Oii questioning, he described jerking of the arms and legs, causing him to drop a cup of tea on two occasions. On another occasion his arms and legs involuntarily came off a motor cycle and sidecar combination while he was riding. He described and reproduced a sudden rapid flexion movement involving the upper, and on the latter occasion, the lower limbs, unassociated with any change in the level of consciousness. He had also experienced a sudden jerking forward of the head while working. He complained of frequent throbbing headaches and irritability. He commented that the least thing upset him, so much so that his wife had developed the habit of putting the children to bed before he came home in the evenings. The smell of aldrin gave him nausea, and he sometimes vomited. During this time he had developed an irritating rash on the wrists, axillae, groins, genitalia, and behind the knees. He had associated the symptoms with his work, the involuntary movements having been known amongst the men as 'the works jerks'. He had taken three days' sick leave because of his symptoms. On examination one month after exposure had ceased, he was found to have very brisk tendon reflexes and bilateral patellar clonus. (1953) , also from the U.S.A., reported convulsions in three men in a group of 30 workers who had been exposed to 25 % aldrin concentrate in a formulating plant. Other complaints were of nausea, vomiting, vertigo, loss of weight, malaise, and headache. A convulsive attack in a worker in Australia engaged in packing aldrin was described by Bell (1960) . Analysis of a biopsy sample of fat showed the presence of 40 p.p.m. dieldrin 14 days later, and transient E.E.G. abnormalities were present which cleared within three months. Hoogendam, Versteeg, and de Vlieger (1962) reported from Holland 14 cases with convulsions over a five-year period in a plant engaged on the manufacture of aldrin. The convulsions were in three cases preceded by myoclonic jerks resulting in the catapulting of a teacup or knife out of the hand or of a sudden 'shooting away' of a leg. In other cases the convulsions occurred without prodromal symptoms or other forewarning. Specific E.E.G. abnormalities were described in all these cases; less gross changes were seen in the records of other workers who were exposed but who were without clinical involvement. The abnormalities disappeared spontaneously in almost all cases some time after cessation of exposure.
A greater number of cases of poisoning have been reported after exposure to dieldrin, the insecticide closely related to aldrin. Hayes (1957) , reviewing these reports, concluded that between 10 and 200% of spraymen using dieldrin in certain malaria eradication campaigns at that time had evidence of intoxication; half of them had suffered epileptiform convulsions. In milder cases symptoms complained of were headache, blurred vision, dizziness, nausea, malaise, insomnia, and slight involuntary movements. In more severe cases involuntary movements were more pronounced, sometimes causing the patient to fall without loss of consciousness, and in other cases convulsions occurred with loss of consciousness.
In the present series the convulsive attacks with loss of consciousness experienced by subject 1 and the myoclonic jerks and other symptoms described by subjects 2 and 3 are characteristic of the clinical picture of aldrin poisoning. The symptoms were transient and were related to exposure to the insecticide. The H.E.O.D. content of body fat of 60 p.p.m. in subject 1 was higher than that reported previously in exposed workers. This figure is 300 times higher than the mean H.E.O.D. content of body fat from 131 necropsies from non-industrially exposed subjects in Southern England reported by Hunter, Robinson, and Richardson (1963) . Their mean figure was 0-21 As regards the electroencephalographic findings, Spiotta (1951) and Hoogendam et al. (1962) have shown abnormalities in cases of aldrin toxicity of a type that they associate with brain stem injury. All their patients who had suffered convulsions were described as having 3 c/s spike and wave or multiple spike and wave discharges whereas less seriously affected patients showed bilaterally synchronous theta discharges. In our series, although the basic abnormality in all patients is of a type associated with epilepsy, the nature of the discharges has tended to be somewhat different. Generalized 3 c/s spike and wave discharges were not seen, and only in the two most severely affected patients were generalized discharges seen at all, these being associated with localized cortical discharges. However, only one man had had generalized convulsions, and, as previously mentioned, there was some delay between exposure and examination, so it is possible that changes previously reported might have been missed. In the moderately intoxicated men, localized disturbance of cortical activity was seen alone and consisted of either localized spike and wave discharges or frequent interruption of the alpha rhythm by sharp waves followed by a slow wave, or transient suppression of the alpha rhythm. The abnormalities all gradually decreased or disappeared with clinical improvement over periods of four to 10 months after cessation of exposure except in two men, one of whom had a history of severe head injuries and had no signs of aldrin toxicity; the other was probably mildly affected but in addition had a seven-year history of nephritis but no clinically detectable lesion of the central nervous system. It was thus considered that in this small group of 10 men, as in some cases illustrated previously by Nelson (1953) , there was in three evidence of transient cortical damage in that localized or focal spike and wave discharges occurred, either alone or in addition to the generalized bisynchronous discharges which were more suspicious of subcortical disturbance. We agree with Hoogendam et al. (1962) that the E.E.G. is a useful method of monitoring workers who are likely to be exposed to excessive amounts of aldrin.
It should be stressed that in a case of epilepsy of late onset poisoning by one of these chlorinated hydrocarbon insecticides should be considered in the differential diagnosis of the condition where there is a history of occupational or other unusual exposure.
